We present a spectroscopic analysis of white dwarfs found in the Kiso survey. Spectroscopic observations at high signal-to-noise ratio have been obtained for all DA and DB stars in the Kiso Schmidt ultraviolet excess survey (KUV stars). These observations led to the reclassification of several KUV objects, including the discovery of three unresolved DA+DB double degenerate binaries. The atmospheric parameters (T eff and log g) are obtained from detailed model atmosphere fits to optical spectroscopic data. The mass distribution of our sample is characterized by a mean value of 0.606 M ⊙ and a dispersion of 0.135 M ⊙ for DA stars, and 0.758 M ⊙ and a dispersion of 0.192 M ⊙ for DB stars. Absolute visual magnitudes obtained from our spectroscopic fits allow us to derive an improved luminosity function for the DA and DB stars identified in the Kiso survey. Our luminosity function is found to be significantly different from earlier estimates based on empirical photometric calibrations of M V for the same sample. The results for the DA stars now appear entirely consistent with those obtained for the PG survey using the same spectroscopic approach. The space density for DA stars with M V ≤ 12.75 is 2.80 × 10 −4 pc −3 in the Kiso survey, which is 9.6% smaller than the value found in the PG survey. The completeness of both surveys is briefly discussed.
Introduction
White dwarf stars represent the final stage of stellar evolution for main sequence stars whose masses lie between 0.07 and 8 M ⊙ , which correspond to about 97% of the stars in the Galaxy. As the result of the cessation of nuclear reactions, they simply cool off while dissipating the content of their thermal reservoir. Because of these characteristics, the white dwarf luminosity function -the number of white dwarfs as a function of their intrinsic luminosity -is a powerful tool that provides an estimate of the contribution of white dwarf stars to the density of matter in the Galaxy. When the luminosity function is derived from a complete sample of white dwarfs, it contains information such as a direct measure of the stellar death rate in the local galactic disk. The comparison with theoretical evolutionary models (see, e.g., Fontaine et al. 2001 ) then allows us to measure the age of various components of the Galaxy. Likewise, the mass distribution contains information about the amount of mass lost during the evolution of an initial mass distribution (Liebert et al. 2005 , hereafter LBH05).
Luminosity functions have been determined for cool white dwarfs discovered in high proper motion surveys, and through UV color-excess surveys for hot white dwarfs. The cool end of the luminosity function was studied by Liebert et al. (1988) and Leggett et al. (1998) , while the hot end was analyzed by Fleming et al. (1986) using white dwarfs identified in the Palomar-Green (PG) survey ) and by see also Wegner & Darling 1994 ) using the Kiso Schmidt ultraviolet excess survey (KUV). LBH05 have recently improved upon the analysis of Fleming et al. (1986) by applying the spectroscopic method (Bergeron et al. 1992) to measure the effective temperatures and surface gravities of all the DA stars identified in the PG survey. The improved atmospheric parameters allowed a better determination of the absolute visual magnitude (M V ) of each star, and in turn improved the accuracy of the luminosity function calculation. More recently, a similar approach was applied by Harris et al. (2006) to a sample of 6000 white dwarfs (or white dwarf candidates) identified in the Sloan Digital Sky Survey (SDSS) Data Release 3. The luminosity function based on the SDSS extends to redder colors than the PG or Kiso surveys, but does not extend to low enough temperatures to cover the end of the white dwarf cooling sequence, although discoveries made through proper motion diagrams may soon change this picture (Kilic et al. 2006) .
In order to measure the luminosity function of white dwarf stars, one needs to carefully define a statistically complete sample. This is a major endeavor, both for common proper motion or UV color excess surveys. attempted to estimate the completeness of the PG and KUV surveys by counting the number of stars discovered in the overlapping fields of both surveys (see also Section 4.4 below). LBH05 discuss at length the completeness of the PG survey (their Section 4) by comparing their improved luminosity function based on spectroscopic M V values with the results of for the KUV survey (see Figure  10 of LBH05). They evaluate the completeness of the PG survey to 75%, while found a lower value of 58%. However, this comparison between the PG and the Kiso surveys is fundamentally flawed for at least two reasons. First, in the case of the PG survey, only DA stars are considered while for the Kiso survey, white dwarf stars of all spectral types are used in the calculation of the luminosity function. Second, and most importantly, the results of are based on M V values determined from empirical photometric calibrations; this is similar to the approach used by Fleming et al. (1986) for the PG survey.
In this paper, we present a study aimed at improving the luminosity function of white dwarf stars by applying the spectroscopic method to the DA and DB stars identified in the Kiso survey. While our primary goal is to improve the comparison of the luminosity functions derived from the PG and Kiso surveys, we also provide an analysis of the global properties of the KUV sample and demonstrate how samples of relatively bright white dwarf stars still hide objects of significant astrophysical interest. Our sample drawn from the Kiso survey is presented in Section 2 and analyzed in Section 3 using the spectroscopic technique. The absolute visual magnitudes obtained from these accurate atmospheric parameter determinations are then used in Section 4 to calculate an improved luminosity function for these stars. A detailed comparison with the results of the PG survey is also presented. Our conclusions follow in Section 5.
Spectroscopic Content of the Kiso Survey
The Kiso ultraviolet excess survey (KUV) is a photometric search for UV-excess objects, performed with the 105-cm Schmidt telescope at the Kiso Observatory. A total of 1186 objects were found in 44 fields in a belt from the northern to the southern galactic pole at a galactic longitude of 180
• . The fields of the survey have a mean limiting magnitude of V = 17.7 and cover a total area of 1400 square degrees (Noguchi et al. 1980; Kondo et al. 1984) .
Our original goal was to secure optical spectroscopic observations for all white dwarfs in the Kiso survey, regardless of their spectral type. Our starting point is the list of objects taken from Table 4 .3 of . This list includes 234 white dwarfs identified in the Kiso survey, which at that point in time was only 94% completed (a total of about 250 white dwarfs were expected to be found after completion of the survey). Since cool white dwarfs are difficult to analyze without photometric data, we decided to focus our attention towards the hot end of the sample and exclude from our spectroscopic survey all 15 cool white dwarfs of the DQ, DZ, and DC spectral types. We thus retained a sample of 219 white dwarfs for follow-up spectroscopic observations. Optical spectra for the majority of the objects in this sample were obtained with the Steward Observatory 2.3-m telescope equipped with the Boller & Chivens spectrograph and a Loral CCD detector. The 4."5 slit together with the 600 l mm −1 grating in first order provided a spectral coverage of λλ3200-5300 at an intermediate resolution of ∼ 6Å FWHM. The spectra for the remaining southern objects were obtained with the Carnegie Observatories' 2.5-m du Pont telescope at Las Campanas (Chile), equipped with the Boller & Chivens spectrograph and a Tektronic (Tek 5) CCD detector. The 1."5 slit and the 600 l mm −1 grating provided a spectral coverage of λλ3500-6600 at a resolution of ∼ 3Å FWHM. Exposure times were set to reach a signal-to-noise ratio of at least S/N ∼ 50.
The better resolution and higher S/N of our observations allowed us to revise the spectral classification of many objects in this first sample of 219 stars. At lower resolution, for instance, spectra of B subdwarfs can be easily confused with a DA star (see LBH05 for several examples). We found 30 objects in Darling's sample that turned out to be subdwarfs or main sequence stars, 23 of which have been reclassified as a result of our observations. These 30 objects are displayed in Figure 1 and reported in Table 1 , together with references to the original reclassification. Worth mentioning in this figure is KUV 16032+1735, first identified as a magnetic DA white dwarf by Wegner & Swanson (1990) . A closer examination of our spectrum reveals no sign of a magnetic field, however, and an attempt to fit this star with our DA model grid suggests an effective temperature above 100,000 K. An independent analysis of this object, which will be reported elsewhere, reveals that KUV 16032+1735 is actually a binary system composed of a hot sdO star and a K-dwarf companion. Additional white dwarfs identified in the KUV survey were also observed as part our spectroscopic followup. These are listed in Table 2 . None of these were part of the original data set used by , either because they had been discovered afterwards, or for reasons unknown to us. For instance, KUV 14161+2255 (DB) had been reported by Wegner & Swanson (1990) and should have been, in principle, part of Darling's analysis.
Representative DA and DB/DO spectra from our survey are displayed in Figures 2 and 3, respectively, in order of decreasing effective temperature, while magnetic DA white dwarfs are displayed in Figure 4 . The He ii λ4686 absorption feature is clearly visible in the spectrum of the DAO star KUV 03459+0037 shown in Figure 2 . The spectrum for this star was obtained from the SDSS Data Release Web site.
1 Also shown in the same figure are representative DA stars with an unresolved M-dwarf companion (KUV 01162−2311, KUV 03036−0043, KUV 04295+1739); we have a total of six DA+dM systems in our survey. We also show in Figure 3 the spectrum of the DO star KUV 01018−1818 with a very strong He ii λ4686 line. Also observed is the presence of Hβ in several DB stars in our sample (DBA stars) as well as Ca ii H&K lines (DBZ or DBAZ stars). Discussed further below are three unresolved double-degenerate systems composed of DA+DB white dwarfs that exhibit both hydrogen and helium lines. One of these systems, KUV 02196+2816, has already been analyzed in detail by Limoges et al. (2009) . The results for the other systems, KUV 03399+0015 and KUV 14197+2514, are presented in the next section.
Our final spectroscopic sample is thus the combination of the 219 hot white dwarf candidates from , minus the 30 misclassified objects listed in Table 1 , to which we add the 7 additional white dwarfs listed in Table 2 , for a total of 196 spectroscopically confirmed white dwarfs, three of which are unresolved double degenerates (thus a total of 199 white dwarfs). In summary, we thus have 175 DA stars (including one DAO and 4 magnetics), 23 DB stars, and one DO star.
Atmospheric Parameter Determination
Our model atmospheres and synthetic spectra for DA stars are described at length in LBH05 and references therein. These are pure hydrogen, plane-parallel model atmospheres. Non-local thermodynamic equilibrium (NLTE) effects are explicitly taken into account above T eff = 20, 000 K and energy transport by convection is included in cooler models following the ML2/α = 0.6 prescription of the mixing-length theory (see Bergeron et al. 1995) . The theoretical spectra are calculated within the occupation formalism of Hummer & Mihalas (1988) , which provides a detailed treatment of the level populations as well as a consistent description of bound-bound and bound-free opacities. In order to compare our results directly with those of LBH05, we refrain from using here the new model spectra of Tremblay & Bergeron (2009) that are based on improved Stark profiles for the hydrogen lines; the full implications of these improved models on the spectroscopic analysis of DA stars will be presented elsewhere (Gianninas et al. 2010, in preparation) .
Our model atmospheres and synthetic spectra for DB stars are similar to those described in Beauchamp et al. (1996) , which include the improved Stark profiles of neutral helium of Beauchamp et al. (1997) . Our fitting technique relies on the nonlinear least-squares method of Levenberg-Marquardt (Press et al. 1986) , which is based on a steepest descent method. The model spectra (convolved with a Gaussian instrumental profile) and the optical spectrum of each star are first normalized to a continuum set to unity. The calculation of χ 2 is then carried out in terms of these normalized line profiles only. Atmospheric parameters -T eff , log g, and N(H)/N(He) for DBA stars -are considered free parameters in the fitting procedure. For DA+dM binaries, Hβ is simply removed from the χ 2 fit when the line is contaminated by the M-dwarf companion.
Atmospheric parameters for the 4 magnetic DA stars displayed in Figure 4 are taken from the literature: KUV 03292+0035 has a magnetic field of 12 MG (Jordan 1993) and an effective temperature of T eff ∼ 15, 500 K . The value of the magnetic field for KUV 08165+3741 is 9 MG ) with T eff ∼ 11, 000 K (Jordan 2001) . Liebert et al. (1985) report 29 MG for KUV 23162+1220 and T eff ∼ 11, 000 K based on IUE data. Finally, KUV 23296+2642 has a magnetic field of 2.3 MG, with T eff = 9400 K and log g = 8.02 . For the first three magnetic white dwarfs, we simply assume log g = 8.
The DA and DB white dwarfs concealed in DA+DB unresolved double degenerate systems require a special treatment. The first such system discovered in our survey, KUV 02196+2816, was spectroscopically identified as a DBA star by Darling & Wegner (1996) but should have been classified as a DAB star since the hydrogen lines are actually stronger than the helium lines. Limoges et al. (2009) showed that the optical spectrum of this object cannot be reproduced by assuming model atmospheres with a homogeneous hydrogen and helium composition, or even stratified atmospheres, and that the hydrogen and helium lines observed in the spectrum of KUV 02196+2816 can be perfectly reproduced by assuming a double degenerate binary composed of a DA star and a DB star. In this case, the predicted spectrum is obtained by combining pure hydrogen and pure helium model spectra, weighted by their respective radius. The detailed analysis yields T eff = 27, 170 K and log g = 8.09 for the DA star, and T eff = 36, 340 K and log g = 8.09 for the DB star. We identified two additional systems in our spectroscopic survey, KUV 03399+0015 and KUV 14197+2514. KUV 03399+0015 was first identified as a DA? by , and later as a DAB by Eisenstein et al. (2006) , while KUV 14197+2514 was classified as a DBA star by Wegner & Swanson (1990) . An analysis similar to that of KUV 02196+2816 of these two objects reveals that both spectra cannot be reproduced with single-star models, and that the hydrogen and helium line profiles can only be explained by assuming a composite DA+DB double degenerate model. Figure 5 summarizes our results for the three systems. A more detailed analysis of these binaries will be presented elsewhere (Limoges & Bergeron 2010, in preparation) .
The atmospheric parameters for the white dwarfs in our sample -192 single stars and 6 from the binary systems of Figure 5 -are reported in Tables 3 and 4 for the DA and DB stars, respectively; we exclude from our analysis the DO star KUV 01018−1818 since we have no models to analyze this object properly. The values in parentheses represent the uncertainties of each parameter, calculated by combining the internal error obtained from the covariance matrix and the external error estimated for DA stars at 1.2% in T eff and 0.038 dex in log g (see LBH05 for details); we assume the same uncertainties for DB stars. The hydrogen abundances in Table 4 are provided for DBA stars only, otherwise a pure helium composition is assumed. The stellar mass (M) and the white dwarf cooling time (log τ , where τ is measured in years) are obtained from detailed evolutionary cooling sequences appropriate for these stars. For DA stars with T eff > 30, 000 K, we use the carbon-core cooling models of Wood (1995) with thick hydrogen layers of q(H) ≡ M H /M ⋆ = 10 −4 and q(He) = 10 −2 , while for T eff < 30, 000 K, we use cooling models similar to those described in Fontaine et al. (2001) but with carbon-oxygen cores. For DB stars, we rely on similar models but with thin hydrogen layers of q(H) = 10 −10 representative of helium-atmosphere white dwarfs. The absolute visual magnitude (M V ) and luminosity (L) of each star are calculated using the prescription of Holberg & Bergeron (2006) 2 , while the apparent V magnitudes are taken from the catalog of McCook & Sion (2006) . The 1/v max value corresponds to the maximum volume in which it is possible to find a particular white dwarf given a limiting apparent V magnitude of the survey; this will be discussed further in Section 3.5. Note that the 1/v max value is provided only for white dwarfs in our statistically complete sample defined below.
The global properties of the DA and DB stars in the KUV sample are summarized in Figure 6 in a mass versus effective temperature diagram. This figure indicates that the majority of our DA stars have effective temperatures between T eff ∼ 10, 000 K and 25,000 K. Only 13 stars in our sample have temperatures below 10,000 K; the coolest object is KUV 23235+2536 with T eff = 5930 K. An examination of Figure 6 reveals the well-known problem where the spectroscopic masses for DA stars show a significant increase below T eff ∼ 13, 000 K (see also LBH05). Various explanations have been proposed to account for this phenomenon (Bergeron et al. 2007; Koester et al. 2009 ), although to this date none are completely satisfactory. The most promising solution to this problem, namely a mild and systematic helium contamination from convective mixing that would mimic the high log g spectroscopic measurements, has recently been ruled out by Tremblay et al. (2010) who reported extremely low upper limits of the helium abundance in several cool DA white dwarfs using high-resolution spectra from the Keck I 10-m telescope. Figure 6 also reveals that near ∼ 15, 000 K, 4 DB stars have significantly higher masses than the rest of the DB sample. This particular trend at low effective temperatures has been observed in other analyses as well (see, e.g., Fig. 5 of Kepler et al. 2007 for the DB stars identified in the SDSS) and this problem is usually attributed to uncertainties in the treatment of van der Waals broadening of neutral helium lines (Beauchamp et al. 1996) . In the results shown here, however, DB stars with normal masses (∼ 0.6 M ⊙ ) are also found in the same range of temperatures. To illustrate this more clearly, we show in Figure 7 our best fits to two DB stars near 15,000 K, but with significantly different log g values. In this particular range of temperatures, the He i λ3820 and λ4388 lines are the most gravity sensitive and the strengths of these lines do indeed appear very different in both stars. We emphasize that this result for DB stars is completely independent of any modeling of the line profiles and we must therefore conclude that the spread in mass observed in Figure 6 may thus be real after all. Perhaps the massive DB stars observed here represent the descendants of the new class of white dwarf stars with carbon-rich atmospheres discovered by Dufour et al. (2007 Dufour et al. ( , 2008 . Indeed, the coolest 'hot DQ' stars have temperatures near ∼ 18, 000 K, below which they are presumably transformed into something else. Small amounts of helium thoroughly mixed in their atmospheres could easily reappear at the surface of these stars below 18,000 K or so, turning them into DB stars in a process similar to the transformation of hot DO (or even DAO) stars into DA stars near ∼ 45, 000 K.
The mass distribution is shown in Figure 8 for the 136 DA stars above 13,000 K (i.e., above the temperature where the masses of DA stars are reliable) as well as for the 23 DB white dwarfs. The mass distribution of DA stars has a mean value of 0.606 M ⊙ with a dispersion of 0.135 M ⊙ . These values are very similar to those obtained by LBH05 for the DA stars in the PG sample (0.603 and 0.134 M ⊙ , respectively) in the same temperature range. The mean mass for the DB stars in the KUV sample is 0.758 M ⊙ , a value significantly larger than that for the DA stars; the dispersion is also much larger. The mass distribution for the DB stars appears rather flat compared to those presented in Beauchamp et al. (1996, 54 DB stars) or in Voss et al. (2007, 71 DB stars) , although the number of DB stars in our sample is admittedly smaller than in these two previous studies. We note finally that we found no low mass (M < 0.5 M ⊙ ) DB white dwarfs in our sample, in agreement with the results of Beauchamp et al. (1996) .
Luminosity Function

General Considerations
We can now proceed to calculate the luminosity function of DA and DB stars in the Kiso survey. Since we will compare our results with those of and with the PG survey (LBH05), it is relevant to provide here some details of how these calculations are performed. The luminosity function is obtained following the 1/v max method, originally developed by Schmidt (1968) in the context of quasars. This method requires that we determine for each star the maximum volume, v max , in which the object would have been detected given the limiting magnitude of the survey. The distance to each star can be directly obtained from the apparent and absolute V magnitudes. Since the stars are not uniformly distributed in the direction perpendicular to the galactic disk, but instead follow an exponential disk, we define a weighted volume dv ′ = exp(−z/z 0 ) dv, where z = r sin θ is the distance of the object from the galactic plane, z 0 is the galactic disk scale height, and θ is the absolute value of the galactic latitude of the object. Here we assume z 0 = 250 pc as in LBH05.
The Kiso survey is a magnitude-limited survey, which implies that it must be complete down to a given limiting magnitude V lim . For a given star with a magnitude V , V lim defines a maximum distance d max at which an object could have been observed and still have been found in the survey. This in turn defines the maximum volume, v max . As mentioned in Green (1980) , however, each photographic plate has a different limiting magnitude. It was then proposed to define a maximum volume for each field. The total maximum volume for a given star is thus the sum of all the small individual volumes. Also, in the case where two fields or more overlap, the area of overlap is given to the field with the fainter limiting magnitude. We finally obtain for each star
where n f is the total number of fields. Since ω j represents the area covered by each field, n f j=1 ω j must be equal to the total area covered by the survey (in steradians). The limiting magnitude can be calculated following the v/v max test of uniformity of Schmidt (1968) . The method states that a sample is complete when the average value of v/v max is equal to 0.5. Once the value of V lim that satisfies this constraint has been found, all white dwarfs with V fainter than V lim must be removed from the sample. The remaining stars define the complete sample from which the luminosity function can be derived.
Since v max represents the volume within which it is possible to find a particular white dwarf, the contribution of each star to the local space density is then simply given by 1/v max (Schmidt 1968) . The differential luminosity function as a function of M V can finally be obtained by summing all the individual contributions to the local space density:
where n b is the number of stars in each magnitude bin of the complete sample. The uncertainties are evaluated as if the stars were distributed randomly in space. The statistical uncertainty in each bin is then given by σ φ = [
The Luminosity Function from Darling (1994)
In the next section, we will compare our luminosity function of DA and DB stars based on spectroscopic estimates of M V with the results of based on empirical photometric calibrations of M V . Prior to this, we must first demonstrate that we are able to reproduce the luminosity function displayed in his Figure 4 .2 (also reproduced in Figure  10 of LBH05) using the V and M V values provided in his Table 4 .3. Note in this case that the luminosity function is calculated using all 234 white dwarf stars identified in the Kiso survey, all spectral types included. His method is identical to that described above with the only exception that there is no explicit sum over all fields in equation (1). Instead, the area of each field is assumed to be constant, in which case a single factor ω/4π appears in the equation, where ω for the Kiso survey is 1400 square degrees (or ∼ 0.43 steradians). We know that in , the luminosity function was scaled by a certain factor to account for the fact that the Kiso survey was not complete at that time. In , this factor had a value of 1186/1115 since the Kiso survey was only 94% complete. This correction factor is included in all our calculations below.
The comparison of the results between Darling's calculations and ours using the same stars, as well as V and M V values, is displayed in Figure 9 . Both functions have the same exact shape but ours is scaled downwards by a factor of ∼ 2.5, which suggests a constant correction factor between both calculations. We also note that our calculation of the limiting magnitude of the survey using this sample agrees perfectly with the value obtained by Darling, V lim = 17.35. As it is not stated explicitly in that his luminosity function contains a correction factor (to account for other types of incompleteness, for instance), we ignore the source of the difference between our calculations and Darling's and use our method of calculation in the remainder of this paper 3 . We must finally mention that the code we are using here is the same as that used by LBH05 so the comparisons discussed below will be entirely consistent.
An Improved Luminosity Function for KUV White Dwarfs
The main goal of our spectroscopic survey is to improve upon the luminosity function of by using spectroscopic values of M V rather than empirical photometric calibrations. The absolute magnitudes are central to the calculation of the luminosity func-tion and it is crucial to measure M V values as accurately as possible. In , M V values were assigned for 125 stars (out of 234) with measured (B − V ) using empirical (B − V ) vs. M V relations derived by Sion & Liebert (1977) and Dahn et al. (1982) for hot and cool white dwarfs, respectively. Additional M V values for 9 objects were directly taken from McCook & Sion (1987) . Finally, a linear fit based on measured photometric (B − V ) and photographic (m U − m G ) color indices was then used to assign approximate (B − V ) values, and thus M V values, to the remaining 100 stars without (B − V ) or M V measurements. In reality, this relation is far from being linear and a substantial dispersion is present in the data (see Figure 4 .1 of Darling 1994), potentially introducing a significant uncertainty in the M V estimates.
Our spectroscopic M V values taken from Tables 3 and 4 are compared in Figure 10 with those derived by for the 192 white dwarf stars in common. In doing so, we explicitly excluded from Darling's sample all objects that have been spectroscopically misclassified in the Kiso survey (Table 1 and Figure 1 ). The double degenerate binary components are compared with Darling's results for a single DAB/DBA star. The differences observed are quite significant, with the empirical estimates being generally fainter than the spectroscopic values. In some cases, the differences can reach 2 to 3 magnitudes. It is therefore expected that the corresponding luminosity functions based on these absolute magnitudes will be affected as well.
With the spectroscopic M V values for our sample of 175 DA and 23 DB stars provided in Tables 3 and 4 respectively, we can now proceed to the evaluation of the luminosity function. The first step is to find the limiting magnitude of the survey following the v/v max method described above. We find V lim = 17.41, which defines a complete sample of 168 white dwarf stars (149 DA and 19 DB stars) . This complete sample is flagged in Tables 3 and 4 by a value of 1/v max in the appropriate column (otherwise the field is empty). The luminosity function is then simply computed by summing these values in appropriate bins (see equation 2), in this case half-magnitude bins.
We first compare our improved luminosity function with that of by using the same subset of 192 stars shown in Figure 10 , (i.e. misclassified objects from Darling's sample and the additional white dwarfs from Table 2 are not taken into account). Even though the stars used in the comparison are the same, the absolute magnitudes in each sample are evaluated differently, and so are the limiting magnitudes. We find using Darling's M V values a limiting magnitude of V lim = 17.35, which defines a complete sample of 161 objects, while our spectroscopic M V values yield V lim = 17.41 for a complete sample of 164 objects. The corresponding luminosity functions are compared in Figure 11 . Despite the large differences in M V values observed in Figure 10 , the differences in the luminosity functions do not appear as significant, with the noticeable exception of the 9.5, 12.5, and 13.0 magnitude bins. A similar conclusion was reached by LBH05 when comparing the luminosity function of PG stars with the earlier estimates of Fleming et al. (1986) . We must note that the main effect here is to shift the number of stars from one bin to another. For instance, the largest difference observed is near the peak of the luminosity function where our determination based on spectroscopic M V values is lower than that of Darling. Indeed, a lot of the objects in these magnitude bins in Darling's analysis have been shifted to brighter bins as a result of his overestimates of M V values (see Figure 10) . We finally note that the last two bins at M V = 14.0 and 14.5 are populated by only one star each (KUV 23235+2536 and KUV 08275+3252, respectively). The Kiso survey is obvioulsy very imcomplete in this region and we decided to remove these two white dwarfs from our sample in the remainder of our analysis 4 .
In Figure 10 of LBH05, the authors compare their luminosity function for DA stars in the PG survey with the results of , which, as mentioned above, also contains the contributions from other spectral types. In order to improve this comparison, we derived an independent KUV luminosity function for DA stars only, by simply removing the DB white dwarfs from our sample (DB stars account for 17.3% of our complete sample). It is now possible to make a detailed comparison with the luminosity function obtained by LBH05, which is based on the exact same analysis, including model atmospheres, observing setup, fitting technique, and luminosity function calculations. As mentioned explicitly in LBH05, their luminosity function did not undergo any correction, as is the case with ours. It is then possible to compare the results from both functions directly, as shown in Figure 12 . The first result is that both luminosity functions agree much better than estimated by LBH05, who concluded, based on the results shown in their Figure 10 , that "the KUV luminosity function has significantly more stars than PG in the bins M V 10.5 to 13.0, with the PG appearing to become incomplete by a factor of 4 in the 12.0 and the two fainter magnitude bins". The comparison shown here indicates on the contrary that both functions agree perfectly within the error bars in these particular bins. However, there appears to be a deficiency of luminous white dwarfs (M V ≤ 10) in the Kiso survey. It is perhaps not surprising that the luminosity functions from the PG and Kiso surveys are so similar, since the detection method is the same (UV excess). So whatever incompleteness factors affect the PG survey seem to affect the Kiso survey as well.
Another way to compare both luminosity functions is to calculate the local space densities of white dwarfs, which can be simply obtained by integrating the luminosity function over a given range of M V . For M V < 12.75, we obtain 2.80 × 10 −4 pc −3 while LBH05 report a value 5 of 3.07 × 10 −4 pc −3 in the same magnitude interval, or a value only 9.6% larger than our estimate. The Kiso survey thus appears to be less complete, if anything, than the PG survey in that range of absolute visual magnitude. The Kiso survey is certainly deeper than PG, and it should thus be more complete for fainter magnitude bins since the PG survey is known to be fairly incomplete at the faint end of the luminosity function (LBH05). We note, however, that the differences do not appear as large as previously estimated by LBH05, as discussed above.
Finally, our final luminosity function for the Kiso white dwarfs, including all 149 DA and 19 DB stars in the complete sample, is displayed in Figure 13 . We obtain from the sum of all magnitude bins a local space density of white dwarfs in the Kiso survey of 5.49 × 10 −4 pc −3 . Of course, the Kiso sample does not extend to the faint magnitudes where the peak of the luminosity function occurs (M V ∼ 15.5), and the space density determined here accounts for only ∼ 11% or less of the total space density of white dwarf stars, which is estimated at 5 × 10 −3 pc −3 or so. For completeness, we also compare in Figure 14 our luminosity function with the results obtained by Harris et al. (2006) and DeGennaro et al. (2008) for the white dwarfs discovered in the SDSS (Data Release 3). Our luminosity function is plotted here as a function of M bol to be consistent with the SDSS determinations. Our results agree fairly well, within the uncertainties, with the results of DeGennaro et al. for magnitude bins between M bol = 7.5 and 11.5 (with a few notable exceptions), but appear seriously underestimated for brighter and fainter magnitude bins.
Completeness of the PG and Kiso Surveys
By counting the number of KUV white dwarfs (all spectral types included) found by the PG survey in the overlapping fields (600 square degrees of overlap) and within the magnitude limit of the PG survey, estimated the completeness of the PG survey to 57.5%, or 60.5% if white dwarfs not in the statistically complete PG sample are also included. However, as discussed in Section 2, many KUV white dwarfs turn out to be lower gravity objects. A similar estimate of the completeness of the PG survey based on our spectral reclassification of DA and DB stars yields instead a value of 67.6%. also used the PG survey to estimate the completeness of the Kiso survey by turning the problem around, and by counting the number of PG stars in the overlapping 5 LBH05 actually give a value of 5.0 × 10 −4 pc −3 but this number is inaccurate for reasons unknown to one of the co-authors of both studies (P.B.) who obtained the correct number provided here.
fields, all spectral types included, that were actually missed in the Kiso survey. While the Kiso survey is much deeper (V lim ∼ 17.35) than the PG survey (V lim ∼ 16.16), only 74.2% of the white dwarfs in the overlapping fields of the PG survey were recovered in the Kiso survey! Since none of the new KUV stars (Table 2) are part of the PG sample, this estimate is still valid. Once again, using only our spectroscopically confirmed sample of DA and DB stars, we find instead a value of 84.4% for the completeness of the Kiso survey. Given the results shown in Figure 12 , it is likely that both the PG and Kiso surveys suffer from a comparable level of incompleteness. We refer the reader to the additional discussion of LBH05 (Section 4) regarding the completeness of the PG survey. Obviously, deeper and more complete surveys are still badly needed.
The Sloan Digital Sky Survey (SDSS) is certainly among the most important developments in the last few years in terms of observational data of white dwarf stars since the PG survey. The SDSS is looking at 10,000 deg 2 of high-latitude sky in five bandpasses (ugriz) and is producing images in these five bandpasses from which galaxies, quasars, and stars are selected for follow-up spectroscopy. The selection effects in this survey are important, as discussed in Kleinman et al. (2004) and Eisenstein et al. (2006) , and therefore, it cannot be considered as a complete survey in any sense. For instance, DeGennaro et al. (2008) found a completeness of 51% for their uncorrected sample of white dwarfs from the SDSS, which is mainly composed of DA stars. Also, the S/N of the SDSS spectra is known to be proportional to the brightness of the object, since the integration time is fixed. This can lead to large uncertainties in the determination of the atmospheric parameters of fainter objects (Gianninas et al. 2005) . Finally, as mentioned in Eisenstein et al. (2006) , "completeness is not our goal", since they know that white dwarfs with T eff < ∼ 8000 K are lost because of the color-cut, and that magnetic white dwarfs can pass through the detection system without being noticed. DeGennaro et al. (2008) are in possession of a much larger sample than ours, which allows them to divide their luminosity function into several mass components. However, when conducting a statistical analysis of a sample, the completeness of this sample should be a crucial parameter if the results are to be interpreted physically.
Conclusion
We presented an analysis of the DA and DB white dwarfs in the KUV survey, and determined the atmospheric parameters for each star from detailed model atmosphere fits to optical spectroscopic data. The M V values derived from the atmospheric parameters were compared with those of , which were obtained from photometric empirical calibrations. Our study allowed us to measure directly the impact of the use of state-of-the-art model atmospheres on the determination of absolute magnitudes for white dwarfs. The differences were found to be significant, but had a somewhat smaller impact on the calculation of the luminosity function.
We then proceeded to derive the luminosity function of DA and DB stars found in the Kiso survey. We find as a result of our improved M V values a smaller number of stars in the fainter magnitude bins than estimated by . The comparison of our luminosity function with that of LBH05, for DA stars only, reveals that both functions are similar. We obtained a local space density of white dwarfs of 5.49 × 10 −4 pc −3 , while this number drops to 2.80 × 10 −4 pc −3 for M V ≤ 12.75. These results are now entirely consistent with those published in LBH05 for the PG survey and the completeness of both surveys appears comparable.
Our spectroscopic survey of white dwarfs in the Kiso survey has also led to an important spectral reclassification of the sample published in . In particular, we have identified three unresolved double degenerate binaries. A two-component fit confirmed that KUV 02196+2816, KUV 03399+0015, and KUV 14197+2514 are unresolved double degenerate binaries composed of a DA and a DB star. These systems were easily identified in our analysis because both components had different spectral types. However, double degenerates composed of two DA stars would go totally unnoticed, as demonstrated by Liebert et al. (1991) . One may wonder how many such binaries might be hiding in spectroscopic surveys such as KUV or PG. This in turn could affect our determination of the true space density of white dwarf stars.
This era of large scale surveys where the samples can contain up to thousands of stars will certainly help us in the characterization of our Galaxy. Accurate statistical analyses will then provide even more precise determinations of, for example, the white dwarf space densities in the different populations of the Galaxy, the stellar contribution to the mass of the Galaxy, the age of the local galactic disk, the stellar formation and death rates, etc. The issue of completeness is thus of great importance when statistical analyses of these samples are considered.
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Fig. 5.-Our best fits to the optical spectra of the three DAB stars in our sample with composite DA+DB models. The atmospheric parameters for each solution are given in the figure. Both the observed and theoretical spectra are normalized to a continuum set to unity and the spectra are shifted from each other for clarity. The detailed analysis of KUV 02196+2816 has already been published in Limoges et al. (2009) while the details for KUV 03399+0015 and KUV 14197+2514 will be presented elsewhere. figure) . The spectra are normalized to a continuum set to unity and the best fitting models are shown as a thick line. The tick marks indicate the location of the He i λ3820 and λ4388 lines, which are the most gravity sensitive in this range of temperature. Table 4 .5 of , while the filled circles correspond to our attempt at reproducing his results using the same input data and method of calculation. Fig. 10. -Comparison of the absolute visual magnitudes obtained from the empirical photometric calibration of and from the spectroscopic method, for all DA and DB stars in common. Fig. 11 .-Luminosity functions for the DA and DB stars in the Kiso survey that are in common between our sample and that of . The open circles correspond to the luminosity function calculated using the approximate M V values provided in Table 4 .3 of , while the filled circles make use of the spectroscopic M V values given in our Tables 3 and 4 . The magnitude bin at 14.0 in Darling's data is empty since all cool DQ, DZ, and DC stars are excluded in this comparison. Also, the last two bins in our spectroscopic determination contain only one star each, and the corresponding error bars are too large and not shown here. Fig. 14.-Our luminosity function for the complete sample of white dwarfs found in the Kiso survey plotted as a function of M bol and compared to the luminosity functions obtained by Harris et al. (2006) and DeGennaro et al. (2008) for white dwarfs in the SDSS; the corresponding uncertainties are roughly equal to the size of the symbols used here and are thus not shown.
